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I. INTRODUCTION

The loss of radiation belt electrons from the plasmasp here is

gove rned by the combined action of pitch ang le scat ter ing by turbulent

electric and magnetic field s (see Lyons et al . ,  1972) and the well known

windshield wiper effect (see Torr et al., 1975). Pitch ang le scattering

by ambient waves can inject stably trapped particle s onto atmosphe re -

bound trajectories. The windshield wi per effect determines which

trajectories are atmosphere-bound at a given geog raphic location.

A. Windshield Wi per Effect

The windshield wiper effect results from the asymmetry  of the geo-

magnetic fi e ld . Because of this asymmetry ,  the bounce or atmospheric

loss cone ang le (Roederer , 1970), which marks the boundary between

locally trapped and locally preci pitating trajectories, is a function of long-

itude. This long itude dependence is particularly strong at L values inside

of the plasmapause (L< 4).

Figure 1 shows how the size of the atmospheric loss cone at the equator

varies with geographic longitude for several values of L. The ordinate

gives the larger of the north or south 100 km loss cone angles as deter-

mined from a standard model of the geomagnetic field. Near the longitude
9

of the South Atlantic Anomaly ( -‘315° - 360° E) the bounce loss cone at

fixed L attains a maximum size which defines the drift loss cone angle.

In general, pa rticle s which move at pitch angles smaller than this maximum

value will preci pitate into the atmosphere during their dr i f t  cycle. Those

within the local bounce loss cone will preci pitate locally. The remainder

observed locally in the dr if t  loss cone will probabl y be lost to the atmosphere

as they drift toward the anomaly.
I
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Figure 1. Larger of the North or South Equatorial
Loss Cone Angles as Given by the IGRF
1965. 0 Geomagnetic Field Model (IAGA ,
1969) Vs. Geographic Longitude Mea-
sured Eastward From the Prime
Meridian.
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Particles that are within the drift loss cone but outside of the local bounce

loss cone are designated as quasitrapped. The quasitrapped and locally

precipitating particles together comprise the drift loss cone population

which acts as the reservoir for midlatitude precipitation (Paulikas, 1975).

Precipitation that results from the increase of the bounce loss cone angle

is attributed to the windshield wiper effect. In essence, the windshield

wipe r effect is a valve-like mechanism that controls the precipi ta t ion of

the quasitrapped component of the d r i f t  loss cone population.

B. Pitch Angle Scattering

The source which replenishes the drif t  loss cone part icles  is not

completely understood. Some early electron data (Williams and Kohl , 1965,

Imhof , 1968) appeared to indicate that the quasitrapped population was re-

plenished by an atmospheric source at all long itudes. Indeed , previous

analyses have examined midlatitude precipitation from the point of view of

an extended source model which assumes that pitch ang le scattering into th e

drif t  loss cone occurs uniformly at all longitudes and times (Torr , et al.,

1975).

An extended source viewpoint was also invoked in the theoretical

treatment of stably trapped plasmasphere electron s (L yons , et al .,  1972)

which included pitch angle scattering from wave-particle interactions
(Kennel and Petachek , 1966). Lyons et al. (1972) and Lyons and William s

(1975) found that particle interactions with the electromagnetic waves that

cause plasrnaspheric hiss could produce the stably trapped electron pi tch

angle distributions that are observed at rnidlatitudes. While i t is apparent

that wave-particle interaction8 above 100 km can also play a role in fill-

ing the drift loss cone, the characteristics of the electromagnetic noise

4
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that scatters the particles can have different implications for stabl y

trapped and quasitrapped populations. The assumption of uniform in-

jection is generally adequate in drift-averaged t reatments which apply

to stably trapped electrons. However , quasitrapped electrons must  be

generated less than a drift period before they are observed since they are

lost in the anomaly every drift  cycle. As a result , the quasitrapped popu-

lat ion is sensitive to nonuniformit ies  in the spatial dis tr ibut ion of the

scat ter ing agency.

As pointed out by Imhof et al. (1976), many observations suggest

that quasitrap~ ed electrons are generated pr imari ly in a localized region

of the magnetosphere . Vampola et al. (1971) reported that the average

flux of > 300 keV outer zone electrons in the dr i f t  loss cone inc reases in

the morning after 0600 LT , reaching a maximum near 0900 LT. These

authors also observed a peak in the occurrence of ELF emissions near the 
-

•

plasmapause in the time interval 0600-1200 LT. Mannan et al. (1975)

similarly observed intense oute r zone ELF chorus in the t ime inte rval

0600-1000 LT. In two earlier experiments, Taylor and Gurnett (1968)

found an 0800-1000 LT maximum in VIJ F intensity and Dunckel and Helliwell

(1969) detected a morning enhancement in hig h altitude whis t le r  noise.

Althoug h many of these observations pertain to the hi gh latitude extreme

of the L range that is under consideration here, they all suggest that a

localized region of strong pitch angle scattering is present in the morning

sector of the magnetosphere. This hypothesis is corroborated by the

recent obseny-ation by Imhof et al. (1976) that the energy spectra of >130 keV

slot region (L = 2-3) electrons frequently develop peaks in the mornit~g hours.

I-
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An explanation for the occurrence of enhanced wave-particle inte r-

actions near the morning  p lasmapause was proposed b y B r ice  and Lucas

• ( 1971). These authors pointed out that dawn-dusk assymet r ies  a r i s e

naturally f rom the plasma convection pattern in the magnetosphere.  The

outward flow of cold plasma from the ionosp h ere to the magnetosphe re in

the mo rning hours can change the stable trapp ing l imit  for  e lectrons.  The

resulting unstable electron s produce whistler mode waves and undergo p i t ch

ang le diffusion . Note that if these wave s can propagate inside the plasma-

• pause , the region in which scattering occurs can extend to a rb i t r a r i l y low

L values.

Recentl y, Tsurutani  et al. (1975) found evidences of enhanced scat-

tering of MeV electrons in the afternoon quad rant of the inner zone. In this

case , the data were obtained during periods of strong geomagnetic activi ty.

I One can speculate that the position or spatial extent of the scattering reg ion

in the magnetosphere is determined by the level of geomagnetic activity, the

morning location being characteristic of quiet conditions. Alternatively, the

source location may depend on electron energy,  moving toward noon as the

• energy increases. Although the present discussion is limited to the m o r n i n g

source position , the application of the method of analysis to any source  lo-

cation is trivial.

In this  paper , the consequences of having both a temporally loca l ized

- sou rce of dr i f t  loss cone electrons in the morning hou rs and a spatia l ly

localized loss region in the vicini ty of the anomaly are examined.  I t  is

demonstrated that this  combination produces a c h a r a c t e r i s t i c  spa t i a l  and

temporal behavior of the electron population inside of the d r i f t  loss cone ,

resulting in a unique pattern of precipi ta t ion into the mid l a t i t ude  atmosphere.

:~
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In principle, the development that follows could also be applied to

protons. However, the majority of quasitrapped inner zone protons are

ring cur ren t  protons which have been transported to low alt i tudes via

charge exchange processes (Paulikas , 1975). Since the r ing cur ren t  sow ce

is d is t r ibuted  ove r all local times , low latitude proton precip itat ion can be

described according to the model of Torr et al. (1975).

Particles in the drif t  loss cone are most easily observed at low

altitudes . Figure 2 illustrates how a monoenergetic pitch angle distri-

but ion observed at 750 km is related to the distr ibut ion at the equator. A

part icle  with an equatorial pitch ang le outside of the d r i f t  loss cone m i r ro r s

above the observation point. As a result , all of the particles observed at

several hundred kilometers and below are either quasitrapped or in the

bounc e loss cone. Observations of pitch ang le dis t r ibut ions of electrons

from the low altitude satellite 1972- 76B , which had a nearl y circular  orbit

at ~ 750 km , thus provided a data base for test ing the morning sou rce model .

For the purpose of inte rpreting these data , the discuss ion includes an anal ysis

of the low altitude pitch angle distributions that characterize a localized source.

- 1z-
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EQUATOR (L~ 2.75)

LL.

-J

__ ~ EQUATORIAL P ITCH ANGLE a0

_~~
__4 750 km

BOUNCE -4—- I DRIF T •

LOSS CONE C~J~J~~~~~~
I

LOCAL PITCH ANGLE a

Figure 2. Equatorial Pitch Angle Distribution at
L 2. 75 (top) and Corresponding Distri-

• bution at 750 km (bottom). The brackets
show that the particles that reach at
least 750 km before they mirror lie in a
small equatorial pitch angle range . All
of the particles observed at 750 km are
therefore in the drift loss cone . The

-
• bounce loss cone is contained within the

drift  loss cone.
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U. MODEL FOR MIDLATITUDE PRECIPITATION

Assume that strong diffusion (Kennel and Petschek , 1966) occurs in a

local ized reg ion of the magnetosphere near 0800 LT. Furthermore, assume

that this region extends radially from an L value of at least 2 out of the plasm a-

pause. Figure 3 illustrates this geometry schematically. The cross hatched

area represents the source region,

Consider electrons that are scattered into the dr i f t  loss cone in the

source region. An electron with a pitch ang le within the local bounce loss

cone precipitates immediately beneath the source. In the absence of

further diffusion above the atmosphere, a quasitrapped electron drift s

eastward until it encounters a location where its pitch angle is inside of

the atmospheric sink. If the soir ce is localized as shown in Figure 3, some

predictions can be made about the temporal and spatial dependence of this

combined precipitation.
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SUN
MAGN ETO PAUSE

/
I / -

/ / e DRIFT — SOURCE \/ / j  \I f

PLASMAPAUSE 7 
~ STABLE TRAP PING

\ BOUNDARY

\
“A

1972-76B ORBIT

Figure 3. Schematic Showing a Polar View of the Magnetosphere.
The hypothetical morning source region is indicated by
the crosshatching. A typical orientation of the satellite
1972-76B and the anomaly A during data acquisition is
also indicated .
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Figure 4a show s a hypothetical atmospheric loss cone curve for L~~2,

modeled after Figure 1. An observer located at a fixed longitude point 0

corotates with the earth. The anomaly is located in the vicinity of longitude

A. The morning source region , indicated by the crosshatched bar, moves

across this curve once per day. Three source positions , corresponding to

three different universal times, are illustrated. At the source, electrons

are scattered into all pitch angles. Those with pitch angles with in the loss

cone angle at the source location will be precipitated directly at the source

meridian. Electrons having a loss cone distribution (Kennel and Petschek,

1966) determined by the loss cone at the source will drif t  eastward from the

source longitude. If the loss cone increases in the direction of electron drift,

precipitation can occur east of the source up to the longitude where the loss

cone stops growing. If tFe loss cone decreases in the direction of di~ift, the

pitch ang le dist ribution obse rved at 0 can reflect the loss cone size at the
I

source longitude.

Figure 4b, case 1, illustrates the pitch angle dis t r ibut ions that woul d

be observed at low altitude at 0 if the morning source were at the longitude

Tl in Figure 4a. The center of symmetry is at 90° local pitch ang le. The

vertical dotted lines mark the maximum loss cone angle at the location of

the observer. The part of the distribution between the dotted lines is trapped

‘S
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Ti 12 0 13 A LONG

Figure 4a. Loss Cone Curve for L 2 Showing the Location of
the Anomaly Near A. An observer is at longitude 0.
The three crosshatched bars identif y the location of
the source region at three times.

12

Figure 4b. Anticipated Low Altitude Pitch Angle Distributions
for the Three Source Locations of 4a. Precipitation
is occurring only at T2 where particles are present
inside the local bounce loss cone .

~ T1
2 ______________________________________4—

A
12

13

LONGITUDE A

Figure 4c. Precipitation as a Function of Long itude for the
Three Source Locations Shown. The amplitude of
the shaded area, which is proportional to the east-
ward positive derivative of the loss cone curve 4a ,
should correlate with the intensity of precip itation .
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at the longitude 0. The part outside of these lines is precipitated into

the atmosphere at the longitude 0. In case I, the atmospheric loss cone

at the source is larger than the loss at the obeerver . A pitch ang le dis t r i -

bution that is narrower than the local trapping limit is observed , and no

precipitation into the atmosphere occurs at 0.

In case 2 , the loss cone at the source longitude T2 is smaller than

the loss cone at 0. In addition , the loss cone between the source and 0 is

never greater than the loss cone angle at 0. Thus , electrons with pi tch

angles ins ide of the local atmospheric loss cones are present at 0. These

are dumped into the atmosphere at the longitude of 0 in the hemisphere in

which the loss cone is increasing most rapidly.

The alternative represented in case 3 of Figure 4b occurs whenever

the anomaly is located be.ween the source and the observer in the path of

the electron drift. All of the drift loss cone particles are then precipitated

into the atmosphere before they reach 0.

• In general, the longitude dependence of precipitation at points removed

from the source location is determined by the rate at which the loss cone

size increases in the direction of drift between the source and the anomaly.

Figure 4c shows this derivative as a function of longitude for the three source
S locations discussed above. These curves, which are analogous to Figure 3

of Torr et al. (1975), give a qualitative picture of the L 2 electron precip i-

tation pattern at the three different times defined by the source locations in

Figure 4a.

Data such as those shown in Figure 4c can be generated for all t imes

and L values. In order to give a comprehensive view of rn idlati tudep.

preci p i t a t i o n  from a localized source , a model was adopted in which l ) the

- 19-.
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source was represented by a delta function at 0800 LT, and 2) a realistic

model of the magnetosphere (LAGA, 1969, Hilton, H. private communication)

was used to provide the rate of the atmospheric loss cone increase in the

direction of electron drift. The positive derivative s of the loss cone size ,

which correlate with the precipitation rate, were computed for several L

values between 2 and 4. Separate curves were generated for the Northern

and Southern Hemispheres , based on the assumption that precipitation

occurs in the hemisphere in which the loss cone angle is increasing most

rapidly. These numerical data were used to construct contour diagrams

of universal time vs. longitude vs. precip itation rate.

A typical result is shown in Figure 5. The degree of shading is corre-

lated with the amp litude scale of Figure 4c. The darkest areas show the

times and locations of maximum precip itation of dr i f t  loss cone electrons

• into the atmosp here. As expected , the most intense precipitation occurs

directly below the source in both hemispheres and also near the longitude

of the South Atlantic Anomaly. The southern hemisphere prec ipitation maxi-

mum become s less pronounced as L increases, but it persis ts  up to

L 4. Another small precipitation region appears in the Northern Hemi-

sphere just  ea 8 t of the source region. Here the northern loss cone is in-

creas ing toward the eas t, causing some weak electron precipitation over

( China near zero hours UT. Most importantly, Figure 5 demonstrates that

local iz ing the source of quas it rapped electrons introduces a time dependence

into their precipitation pattern. Of course, these diurnal variations beorne

less pronounced for a source region that is not so extremely localized.

F
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Ill. DISCUSSION

It is difficult to compare the present model with exiting mid- la t i tude

data because experimenters do not usually treat time as a coordinate. How-

ever , some electron pitch ang le distributions were available from a mag-

netic spectrometer on the low altitude satellite l972-76B (Vampola , 1969).

These data, although limited by the satellite orbital parameters and data

acquisition plan, provided a test for the predictions of Figure 4b.

Figure 6 shows the regions in longitude-time space at L 2 S  where

the three types of pitch angle distributions of Figure 4b should be observed.

The half-tone, black and white areas correspond to cases 1, 2 and 3 of

Figure 4b respect ively. The crosshatching shows where and when the

pitch angle distributions are expected to exhibit the loss cone at the source

rather than the local loss cone. The stipling shows where the distributions

will be type 1 but will not be determined by the loss cone at the source.

Here the source distributions have been modified by an increasing then de-

creas ing loss cone during their drift history.

Pitch angle distributions from 1972- 76B were available for a restricted

area of Figure 6. The polar orbit and telemetry considerations generally

provided observations for the satellite-anomaly- source-configuration illu-

strated in Figure 3. The data analysis covered several inactive periods

during 1972-1974 when the D5t 
index indicated a quiet inner magnetosphere.

A typical pitch angle distribution obtained near 750 km in the cross-

hatched region is shown in Figure 7. A cosmic ray background level of

about • 5 counts/sec has been subtracted. The distribution appears narrower

than the local atmospheric 1088 cone limit as predicted by Figure 4b case 1.

The few counts in the local loss cone are probably a background effect. To

ver ify that thia shape was not a result of the data reduction scheme, pitch
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Figure 6. Longitude-Time Reg ions Where the Three Diff er ent
Pitch Angle Distributions of Figure 4b Are Observed
at L ~ 2. 25. Type I distributions are seen in the
crosshatched areas.  The large crosshatching indi-
cates where the pitch angle distribution should
exhibit the loss cone at the source location. In the
stipp led area , the source distr ibut ion has been
modified by the windshield wiper effect. Type 2
distributions, and precipitation, are found in the
black reg ions. The white areas contain empty
(type 3) distributions. Half-tone point s indicate
observations of narrow distributions, and open point s
show where empty distributions are observed in
29 keV and 59 keV data. The black points indicate
observations of type 2 distributions.
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angle distributions in the entire L range between 2 and 5 were examined.

Some sequences of dis tr ibutions for 29 keV and 59 keV electrons are shown

in Figure 8. In keeping with the predictions of the present model , the

narrow shape emerges only at the lower L values where the anomaly

and localized morning source are effective. Moreover, for the data shown ,

the equatorial loss cone at 0800 LT was approximately 3 degrees greater

than the local equatorial loss cone. This difference in equatorial loss cone

corresponds to approximately 20 degrees at 750 km. A loss cone that is

about 20 degrees larger  than the local loss cone appears consis tent  with the

shape of the narrow distr ibutions.

A. d is t r ibut ion representative of the black area is shown in Figure 9.

In thi s case , corresponding to Figure 4b_ 2 , the dis t r ibut ion appears to be

determined by the local loss cone. Apparently,  some of the electrons oh-.-

served in the local loss cone are precipitating below the satellite . However ,

because the distributions in Figures 7-9 have been smoothed somewhat by

the angular  response of the detector , a quantitative measure of the precip i-

tat ion cannot be made with confidence.

The data that were obtaine d in the white zone of Figure 6 gene rally

appear isotropic at the low level of the cosmic ray background. There is

only occasional evidenc e of a contribution from locall y trapped electrons , as

anticipated in Figure 4c.

The results of the data analysis are summarized in Figure  6. Half- tone

points show where na r row  (type l)d i s tr ibu t ions  were o~~ser ved at L=2 .~~5. Black

and open points indicate observations of full (type 2) and empty (type 3) distr i-

butions respectively. This data sample, thoug h limited , gene rall y appears

to be consistent  with the scheme proposed above . Some d i s p a r i t y  is expected
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at the boundaries of the map because the local time and spatial extent

of the actual source region is only roughly approximated b y the 0800

LT delta function model .
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IV . CONCLUSIONS

Some previous experiments , including observations of electrons

and of ELF chorus , suggest  that a localized morning source supplies d r i f t

loss cone electrons at m idlatitudes. Motivated by these results , a model

was constructed in order to exam ine the consequences of a localized

morning source. Quiet-t ime low altitude electron data were shown to be

consistent with this model , which invoked a source of nar row longi tudinal

extent at 0800 LT. Further verification that quasitrapped electrons are

generated in a narrow source region will r equ i re  comprehensive samples

of low alt i tude p itch angle d i st r i ~~ut~c’ns , obse rvations of localized electro-

magnetic turbulence at L values between 2 and 4, and evidence that the
I

well known windshield wiper effect has a diurnal variation.

• In addition to providing a picture of midlatitude precipitation , the

anal ysis described here provides fur ther  evidence that wave-particle inter-

act ions with the observed electromagnetic modes can dominate the behavior

• of kilovolt plasrnasp here electrons. In par t icu la r , the qu ie t-t ime  morning

source model pieces together the independent observations of dawn- s ide

plasma convection , morning electromagnetic noise maxima and quas i t rapped

electron behavior heretofore reported by various authors.  Moreove r , t h r o u g h

the in t roduc t ion  of t ime dependence it provides a possible exp lanation for  the

sometimes errat ic  observations of precipi tat ion-related phenomena in the

South Atlantic Anomaly.
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T I-IF: I V A N  A . G E T T I N G  L AR O R A T OR I E S

r h e  L a b o r a t o r y  Op e r a t i o n s  of r h e  A e ro sp a c e  C o r p o r a t i o n  i s  c o n d u c ti n g

i s p . r i  o : n t a l  and t h e o r e t i c a l  in v e s t i ga t ions  n e c e s s a r y  f o r  the  e v a lu a t i o n  and

a p p l i c a t i o n  of s c i e n t i f i c  a d v a n c e s  to  new m i l i t a ry  c o n c e p t s  and s y s t e ms . \ e r -
s a t : f i t v  and  f l e x i b i l i t y  h a v e  been  d e v e l op e d  to a h i g h d e g r e e  b y the  l a b o r a t o r y

p e r s o n n e l  in  d e a l in g  ss t h  t h e  m a n y  p r o b l e m s  en c ou n t e  red i n  t h e  n a t i o n s r a p i d l y

des e l o p i n g  spa e and m i s s i l e  s y s t e m s . E x p e r t i s e  in t h e  l a t e s t  s c i e n t if L  devel-

op n i e n t s  i s  v i t a l  to  t h e  a c c o m p l i s h m e n t  of t a s k s  r e l a t e d  to  t h e s e  p r o b l e m s . The
lal r a t o r i e s  t h a t  ont r ib u t e  to  t h i s  r e s e a r c h  a r e :

A e rop h y s i c  s L a b o r a t o r y:  L a u n c h  and r e e n t ry  ae rod y n a m i c s , heat t r a n s  -
1cr . r e e n t ry  ph y s i c s , c h e m i c a l  k i n e t i c s , s t r u c t u r a l  m e c h a n i c s , f l i g h t  dynamics ,
a t m o s ph e r i c  p o l l u t i o n , and hi gh -p ow e r  gas l a s e r s .

C h e m i s t r y  and Ph y s i c s  L ab o r a t o r y:  Atmosph e r i c  r e a c t i o n s  a-i d atmos-
p h i r  s ~ p t i ~ s . c h e m i c a l  r e a c t i o n s  in pol lu ted  a t m o s ph e r e s  c h e m i c a l  r e a c t i o n s
o: ex s  i t e d  ap e s  ies  i n  roc k et  p l u m e s , c h e m i c a l  t h e rn a o d vn a m ic  s , p l a s m a  and
l a s e r -  i n d u c e d  r e a c t i o n s , l a s e r  c h e m i s t ry ,  p r o p u l s i o n  c h e m i s t r y ,  space v a c u u m
and r a d i a t i o n  e f f e c t s  on m a t e r i a l s , l u b r i c a t i o n  and s u r f a c e  phenomena , p hoto .
s e n s i t i v e  m a t e r i a l s  and s e n s o r s , h i g h p r e c i s i o n  l a s e r  r a n g i n g .  and the  appli-
c a t i o n  of p h y s i c  a and c h e m i s t r y  to  p r o b l e m s  of law e n f o r c e m e n t  and b i o m e d i c i n e .

E l e c t r o n i c s  R i - s e a r c h  L a b o r a t o ry :  E l e c t r o m a g n e t i c  t h e o r y ,  d e v i c e s  and
p r o p a g a t i o n  ph e n o m e n a , i n c l u d i n g  p l a s m a  e l e c t r o m a g n e t i c  s q u a n t u m  e l e c t r o n i c s ,
l a s e r s , and e l e c t r o-o p t i cs .  c o mmu n i c a t i o n  s ci e n c e s , app l ied  e l e c t r o n i c s , semi -

• co n d u c t i n g ,  s u p e r c o n d u c t i n g ,  and c ry s t a l  d e v i c e  ph y s i c s , op t i ca l  and a c o u s t i c a l
i m a g L n g . a tmosph e r i c  po l lu t i on ;  m i l l i m e t e r  wave and f a r - i n f r a r e d  t echno logy .

M a t e r i a l s  S c i e n c e s  L a b o r a t o ry :  D e v e l o p m e n t  of new m a t e r i a l , ;  metal
m a t r i x  c o m p o s i t e s  and new fo rms  of c a r b o n;  t e s t  and e v a l u a t i o n  of g rap h i t e
and c e r a m ic s  i n  r e e r t  r y ;  s p a c e c r a f t  m a t e r i a l s  and e l e c t r o n i c  componen t s  in
nu  l e a r  weapons  e n v i r o n m e n t ;  a pp l i c a t i o n  of f r a c t u r e  m e c h a n i c s  to st r e s s  cor-
r o s i o n  and f a t i g u e - i n d u c e d  f r a c t u r e s  in  s t r u c t u r a l  m e t a l s.

Space Sc iences  L a b o r a t o r y:  Atn~osp he ric  and ionospher ic  phys i c s , radia-
t ion  f rom the a t m o s phere , d e n s i ty  and compos i t ion  of the a tmosphere , a u r o r a e
and ai rg low ; m a g n e t o s ph e r i c  p h y s i c s , cosmic  r a y s , g e n e r a t i o n  and propagat ion
of p l a s m a w a v e s  i n  t h e  m a g n e t o sp h e r e ;  solar ph y s i c s , s t u d i e s  of so la r  m a g n e t i c
f i e l d s ;  s p ac e  a s t r o n o m y ,  x - r ay  a s t r o n o m y ;  the  e f f e c t s  of n u c l e a r  exp los ions ,
m a gn e i i i  s t o r m s , and so la r  a c t i v i t y on the  e a r t h ’ s a tmosph e r e , ionospher~ and
m a g n e t o s ph e r e ; t h e  e f f e c t s  of op t i c a l , e l e c t r o m a g n e t i c, and p a r t i c u l a t e  radia-
t i ins  i n  s p a ce  on space Sy s t e m s .
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